2
SUMMARY 27 The virome is one of the most variable components of the human gut microbiome. 28 Within twin-pairs, viromes have been shown to be similar for infants but not for 29 adults, indicating that as twins age and their environments and microbiomes diverge, 30 so do their viromes. The degree to which the microbiome drives the virome's vast 31 diversity is unclear. Here, we examined the relationship between microbiome 32 diversity and virome diversity in 21 adult monozygotic twin pairs selected for high or 33 low microbiome concordance. Viromes derived from virus-like particles were unique 34 to each subject, dominated by Caudovirales and Microviridae, and exhibited a small 35 core that included crAssphage. Microbiome-discordant twins had more dissimilar 36 viromes compared to microbiome-concordant twins, and the richer the microbiomes, 37 the richer the viromes. These patterns were driven by the bacteriophages, not 38 eukaryotic viruses. These observations support a strong role of the microbiome in 39 patterning the virome. (Table S2) . 121 Identification of putative bacterial contaminants -Viromes prepared and 122 sequenced from VLPs may be contaminated with bacterial DNA (Roux et al., 2013) . 123 However, given that phages are major agents of horizontal gene transfer and that 124 temperate viruses often comprise up to 10% of bacterial genomes in a prophage 125 state, removal of potential bacterial contamination risks also removing viral reads. To 126 assess bacterial DNA contamination, we mapped virome reads against a set of 127 8,163 fully assembled bacterial genomes. Our strategy consisted of evaluating the 128 coverage along the length of each genome (in bins of 100Kb), and those genomes 129 with a median coverage greater than 100 were considered contaminants. Reads 130 mapping to short regions were considered to be prophages or horizontally 131 transferred genes and retained (See Methods) (Figure 2A) . Reads mapping to 132 genomes determined to be potential contaminants were removed from further 133 analyses. 134 We identified 65 bacterial genomes as contributing to potential contaminant, 135 with 1.006 ± 1.125% (average ± std) reads per sample mapping to those bacterial 136 7 genomes (Table S2 ). The majority (37/68) belonged to the Firmicutes phylum; at the 137 species level, Bacteroides dorei, B. vulgatus, Ruminococcus bromii, 138 Faecalibacterium prausnitzii, B. xylanisolvens, Odoribacter splanchnicus and B. 139 caecimuris (in that order) were detectable in at least 50% of the samples (Table S2) . 140 If the most abundant bacterial species in the microbiome are the most likely sources 141 of contamination, then the taxonomic composition of the bacterial contaminants 142 should correlate with their corresponding bacterial abundances in the microbiome. 143 However, we observed no significant correlation between the relative abundances of 144 taxa represented in the contaminant DNA and in the microbiomes ( Figure 2B ). Figure 3A) . 151 To further verify that sequences were derived from VLPs and not microbiomes 152 generally, we conducted an internal check in which we generated and compared 153 additional metagenomes from VLPs and bulk fecal DNA for an additional 4 154 individuals (2 twin pairs; Figure 1A ). As expected, the functional profiles of viromes 155 and microbiome-metagenomes derived from the same samples were dissimilar. 156 Virome reads that mapped to annotated genes were enriched in two categories: 157 Genetic Information Process (48.87 ± 12.12%) and Nucleotide Metabolism (17.59 ± 158 8.81%), compared to 24.31 ± 1.28% and 5.47 ± 0.4% for the microbiome- Twins with concordant microbiomes share virotypes -We checked for 175 virotypes shared between twins and observed that co-twins did not share more 176 virotypes than unrelated individuals (p = 0.074). We then assessed microbiome-177 concordant and discordant twin pairs separately: twins with a discordant microbiome 178 did not share more virotypes that unrelated individuals (p = 0.254), and twins with a 179 concordant microbiome did share more virotypes than unrelated individuals (p = 180 0.048). Furthermore, we also found that twins with a concordant microbiome shared 181 more virotypes than twins with a discordant microbiome (p = 0.015; Figure S2 ). 182 taxonomic composition of the virome, we attempt to annotated all 66,446 184 dereplicated and well covered contigs ( Figure S1 ) using a voting system approach 185 that exploited the information in both the assembled contigs and their encoding 186 proteins (See Methods). In addition, we performed a custom annotation on two 187 highly abundant gut-associated bacteriophage families: (i) the crAssphage ( the Gokushovirinae: we confirmed these and 23 more as Gokushovirinae, 54 as 199 Alpavirinae and 1 contig as Pichovirinae ( Figure S3A ). For the crAssphage, 11 200 contigs were clustered with the original crAssphage, 3 contigs grouped with the 201 reference Chlamydia phage, and 5 contig grouped with the reference IAS virus 202 ( Figure S3B ). 203 After collating the voting system annotation and the HMM annotation, a total 204 of 12,751 contigs (29,62%) were taxonomically assigned ( Figure S1 ). Viromes were 205 dominated by bacteriophages with only 6.42% of contigs annotated as Eukaryotic between viromes at all taxonomic levels for concordant and discordant twin-pairs. 220 There were no significant differences between groups for any taxa at the Order and 221 Family levels, including crAssphage and Microviridae families ( Figure 4B ). 222 We used CRISPR spacer mapping and the microbe-versus-phage (MVP) 223 database (Gao et al., 2018) to predict hosts for virotypes and taxonomically 224 characterized contigs (See Methods). As host annotation was directed to 225 bacteriophages, we did not gain any information for contigs annotated as Eukaryotic 226 viruses. These approaches allowed us to identify putative hosts for 910 contigs. 227 Within these 910 contigs, only one was previously annotated as crAssphage, and ss 228 expected, its host was inferred to be a member of Bacteroidetes. In total we positively correlated in two of the three layers of information used to test the 242 correlation (virotypes and taxonomy annotated contigs but not genes; Figure 5A ). 243 We used annotated contigs to ask about the Figure S3 . 
